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1 Introduction

Low impact development (LID) includes a variety of methods for retaining stormwater onsite, either
permanently or temporarily, in order to slow stormwater flow and filter stormwater. LID best
management practices (BMPs) are likely to affect property prices. While some BMPs may lower property
values, many may add aesthetic and other amenities that increase property values. These amenities can
include increases in open space in a neighborhood or subdivision, more trees and other vegetation on or
near a parcel, green spaces or gardens, water features, and improved wildlife habitat. These amenities and
benefits may accrue both to residents of the neighborhood or subdivision, and to people who live nearby.

LID developments may be designed in various ways. They may involve alterations to conventional grid or
cul-de-sac style neighborhoods, such as replacing impervious surfaces with porous materials, and adding
rain gardens and other vegetated features; or they may involve alternative neighborhood design, such as
cluster development or conservation development.

The purpose of this memorandum is to review and describe the available literature that relates property
values to potential results of LID BMPs, and to discuss approaches that might be applied to estimate price
effects from LID practices.1 Two limitations are important to mention.

we are basing our
suggested approaches on information from the literature. Second, we have found very few studies that
specifically address price effects of LID practices. Therefore, we are making assumptions about how LID
practices might change various amenities, and evaluating the literature in terms of valuing these
amenities.

Changes in property values represent only a subset of the total possible value/benefit effects from LID.
Other potential benefit categories include reduction in adverse human health effects, improvements in
ecological services provided by the affected land and water resources and cost savings from reduced
capital and maintenance cost of infrastructure, and drinking water storage and treatment. These benefit
categories are discussed in separate deliverables under this work assignment.

1 Per technical direction from the assignment manager (received 5/18/10), the literature review and methodology development
activities under Task 7e and 11 have been combined into this single memorandum due to the broad overlap of literature and
concept in these tasks of the WA Amendment.

memorandum
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2 General Approaches to Valuing the Benefits of LID

We found a large body of economic literature that provides insights into changes in property values due to
changes in on-site and off-site amenities such as tree cover, proximity to open space, presence of parks
/forested land in the neighborhood and others. With only a few exceptions, the available studies of
property values do not provide a direct link between property values and LID or BMPs per se. To
evaluate the benefits of LID practices, we will first need to link actions (i.e., LID practices and/or specific
BMPs) to results that produce the various amenities that may affect property value, and then evaluate the
benefits to affected property owners from those amenities. To accomplish this, we must first define LID
practices of interest, and then determine how those practices affect amenities. For example, how do LID
practices change tree cover and open space in a neighborhood and larger geographic area? We must also
determine the geographic extent of effects.

Based on our review of existing literature, results of (or, amenities produced by) LID practices that could
affect property prices include:

 Changes in open space within a certain radius of a parcel
 Changes in vegetative cover on a parcel or in a neighborhood
 Changes in water features, including ponds and wetlands
 Changes in recreational opportunities
 Aesthetics – views and pleasing surroundings
 Wildlife (habitat)
 Air and water quality
 Water quantity
 Climate regulation (shade, windbreaks, etc.) that reduces heating and cooling costs
 Flood mitigation

Changes in some of the above amenities can be monetized using benefit transfer from the available
studies; others will be discussed qualitatively.

The overall model must be framed in terms of changes from a baseline, where the baseline is defined as
“business as usual” development, and LID development outcomes (in terms of open space, tree cover,
etc.) are compared to baseline outcomes. Changes in key property characteristics relative to the baseline
can potentially affect two types of property owners: those who live in the neighborhood or subdivision
incorporating the LID practices, and those who live nearby.

The relevant LID impacts will need to be quantified relative to the baseline, possibly in terms of percent
change in various amenities on a parcel, within a neighborhood or subdivision, and within a larger area
(to be determined). The benefits from these changes can then be evaluated.

Effects on nearby property owners will vary depending on scarcity of open space and rates of
development; the effects of LID practices on nearby properties will thus likely vary depending on existing
development density (Fausold and Lilieholm 1996). In urban areas, where LID practices are added in
areas that are already heavily developed, these practices may increase overall open space and green space,
providing amenities to people well beyond the actual LID neighborhood. For example, Seattle’s Street
Edge Alternative (SEA) street is a one block area that was redesigned to incorporate LID practices.
Besides value to residents, it “is reported to attract walkers and bicyclists from the neighborhood as well
as international visitors interested in low-impact development and natural drainage systems.”(Wong and
Stewart, 2008, p. 1)

At the other extreme, in rural, low density areas, benefits may be minimal beyond the actual LID
development, since the marginal effects on overall open space will be small. However, in the intermediate
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case of suburban areas, there is likely to be a geographic area surrounding the LID development where
benefits, compared to the baseline case, are important to those not residing in the development. Thus, the
model of benefits to property owners outside of the LID subdivision or neighborhood will need to address
baseline development density.

We are considering three general approaches to estimating benefits using benefit transfer:

1. Case Studies. The first approach would take a set of analyses or case studies and, from them,
illustrate a range of price effects and factors that are most important. These would then be applied
to a set of examples representing the potential range of benefits from the proposed regulation. A
number of studies of the value of parks and open space use this approach (see, e.g., TPL studies,
etc.), applying a range of percentage changes in property values.

2. Meta-Analysis. The second approach is to develop a meta-analysis of existing studies that
incorporates various amenities plus distance to the parcel to estimate the value of a given percent
change within a radius of the LID practices. Given the number of hedonic studies available, a
meta-analysis may be an effective way to estimate a range of benefits for different amenities
under differing conditions (e.g., urban, suburban or rural housing densities), and can include both
effects within a neighborhood and beyond the immediate neighborhood.

3. Original Hedonic Studies. Finally, it might be worthwhile to pursue original hedonic studies,
either to augment the meta-analysis for aspects that are not widely covered in the literature, or to
produce a better case study approach for benefits that may not be addressed in the meta-analysis.
One paper, by Shultz and King (2001), reports on a hedonic study conducted using census block
data rather than actual home sales data. This could be a viable approach to estimating benefits for
larger regions, for aspects of LID that are not covered by existing hedonic studies, like percent
impervious surface.

3 Literature Review Summary

We reviewed over 140 papers, around 40 of which were not relevant for our purposes, and found around
100 relevant in various ways, including 63 hedonic studies that estimate property value changes from
improved amenities that could result from LID practices.2 In addition, we compiled a list of over 40 more
studies that could be relevant, but have not yet completed an exhaustive review of this literature.

3.1 Studies Directly Related to LID

Very few studies directly address values related specifically to LID (or related) practices, and most of
these use proxy measures, such as open space, for LID effects. Key studies are summarized below:

 Mohamed (2006) evaluated price premiums, costs, and selling time for lots in conservation
subdivisions in South Kingstown, Rhode Island, and found that prices were 12 to 16 percent
higher for lots in conservation subdivisions, compared to lots in other subdivision types. These
lots were also less expensive to build, and sold more quickly than lots in conventional
subdivisions.

2 The additional studies are either reviews of other studies; benefit transfers; general information on LID practices, costs, and
benefits; studies based on avoided costs; or case studies of actual LID developments, most of which focus on costs to
developers.
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 Netusil (2005) examined how environmental zoning and amenities are related to the price of
single-family residential properties in Portland, Oregon, including both amenities located on
privately owned properties, and in the neighborhood surrounding these properties. The study
estimated both a “development effect” (negative effect related to restrictions) and an amenity
effect. The study found that the net effect of environmental zoning varied by location and amenity
type. “For example, properties in Southwest Portland with a c-zone designation are estimated to
sell for 2.60% less than properties without any environmental zoning. The presence of tree
canopy, an amenity protected by environmental zoning that is common in Southwest Portland,
within 200 feet and between 200 feet and 1/4 mile of a property is estimated to increase a
property’s sale price by 3.14%. The estimated net effect is positive, but small (0.54% or $1,382
evaluated at the mean sale price of properties in Southwest Portland). Other examples would
arrive at different estimates (Netusil 2005, 245).”

 Lee and Li (2009) looked at property values in relation to two different detention basin designs,
in two College Station, TX, subdivisions. One subdivision had single use flood control detention
basins, and the other integrated a detention pond with a recreational neighborhood park. They
found that property values in the subdivision with the single use basins were lower than those that
included a park. They also found that properties closer to the detention pond with park were more
valuable.

 Kopits, McConnell, and Walls (2007) evaluated clustered subdivisions with open space compared
to conventional subdivisions. They found that both lot size and subdivision open space increase
property values. They also found that subdivision open space may substitute for private lot size,
and that lots adjacent to subdivision open space were valued higher than those not adjacent. On
average, house prices were found to be slightly lower with the clustering, particularly for lots not
adjacent to open space.

 Thompson (2008) evaluated conservation developments in rural western North Carolina, and
found that lot prices were 40% higher in conservation developments, compared to conventional
developments. The author also found that the conservation developments were less expensive to
build.

 Shultz and Schmitz (2008) evaluated effects of LID subdivisions on property values in Douglas
County (Omaha), Nebraska. However, because there were no LID subdivisions in the area, they
used various types of open space as proxy measures for LID designs. They estimated a set of 14
hedonic valuation models, across 326 subdivisions, to quantify how different types of open space
characteristics affect residential property values. They found that the following characteristics
affected values:

 Privately owned open space was more valuable than publicly owned

 Open space with trees and mowed grasses was more valuable than non-mowed areas or areas
with sports facilities

 Open space with trails was more valuable than without trails

 Values were 1.1% higher for clustered open space designs, and 2.74% higher for open
(contiguous) open space designs than for conventional sub-division designs

The authors also mention that they evaluated values relative to distance from the open space, but
do not report results in this paper (they refer the reader to Schmitz’s Master’s Thesis for more
detail).
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 Bowman, Thompson, and Colletti (2009) examined values for conservation subdivisions in Cedar
Rapids, Iowa. Because no true conservation subdivisions existed, they use subdivisions with
significant embedded open space areas, including protected meadows, forests, and wetlands as
proxies for conservation subdivisions, and compared these to standard subdivision designs. The
study includes transactional analysis, hedonic analysis, and contingent valuation. The hedonic
models indicated significant positive marginal effects due to the presence of open
space/conservation features. On average, open space added 4% to home values in the
conservation subdivisions. Respondents to the contingent valuation survey, from both types of
subdivisions, reported willingness to pay for additional open space/conservation features in their
neighborhoods, with an average willingness to pay of $4300 for additional open space.

 Williams (2003) evaluated four alternative site planning and storm-water management designs in
a hypothetical residential development in the Gainesville, Florida area: traditional development
with full-size lots and conventional storm-water management; cluster development with reduced
lots for upland preservation and conventional storm-water management; “partial” low impact
development with an LID storm-water management system on the full-size lot plan; and “full”
LID with an LID storm-water management system on the cluster development plan. As in most of
the other studies reviewed here, open space proximity and type were used to value the LID
developments. The author found that reducing lot size would adversely impact the profit from
development, but that maximizing open space frontage would partially mitigate this loss. Also,
construction costs for the LID designs were lower than the designs using conventional storm-
water management. Overall, the ratio of profit to cost was highest for the full LID plan.

 Williams and Wise (2009) evaluated estimated construction costs and sales revenues for four
development alternatives for a hypothetical residential subdivision in Gainesville, Florida. The
authors found that reduced lot size and a swale-based stormwater drainage system, as compared
to a curb and gutter system, both reduced sale price per lot, even with increased open space.
However, this combination of practices resulted in the lowest per-lot construction cost. The ratio
of revenue to costs varied by time period, with the open space/swales option preferred in the
earlier period but not in the later period.

 Wise, et al. (2010) review the benefits of LID practices, and in their section on property values,
reference literature that values the impact of new tree plantings (increases property values from 2
to 10 percent); and proximity to parks, gardens, and ponds (increases property values from 9 to 25
percent). They caution that, for benefits beyond the borders of the LID site, “the challenge of
determining property value benefits lies partially in measuring the geographic range of the
associated benefit. (p. 1135).”

3.2 Studies Related to Amenities that Would Be Created by LID Practices

So far, we have located and reviewed 63 potentially relevant hedonic studies, and 8 potentially relevant
stated preference studies, summarized in Table 1. Four of the stated preference studies also include
hedonic studies.

Of amenities valued in the hedonic studies, 29 value open space, 25 value trees or other vegetation, 21
value parks or community gardens, 6 value greenways, 7 value riparian buffers, 5 value wildlife habitat,
19 value various types of water bodies, 9 value views, and 4 value wetlands. Many of the studies include
additional types of open space, including forests, golf courses, and farmland, but we do not list those here
as they are not directly relevant to LID. Also, there are many more studies that value wetlands, including
some that incorporate vegetation types, but we have not yet reviewed wetlands valuation studies.
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Twenty of the hedonic studies value amenities on individual parcels, including four that address aspects
of landscaping. Five studies address cluster housing, and 6 address conservation subdivisions. Thirty-
seven of the hedonic studies evaluate amenities within a neighborhood or development, and 41 evaluate
amenities to properties beyond a typical neighborhood distance. We found that many of the studies
estimate values that might be considered to be “on site” or “neighborhood” values, as well as values
considered to be “off site” values. Because, for the most part, there is no clear distinction between these
groups, we propose a combined model that addresses values at varying distances from an amenity (see
further discussion of the proposed model below).

Of the 8 stated preference studies reviewed, 4 value open space, 4 value trees or other vegetation, 3 value
parks, 1 values greenways, 3 value water bodies, and 1 values wetlands. One stated preference study
addresses conservation subdivisions, and two address street layout within a subdivision. Three studies
evaluate amenities within a neighborhood or subdivision.

Table 1: Reviewed Studies that Value Potential LID Impacts
Category Hedonic: Number of Studies Stated Preference: Number of Studies

All studies 63 8
Amenities Valued

General open space 29 4
Trees and other vegetation 25 4
Parks, gardens 21 3
Greenways 6 1
Riparian buffers 7 0
Habitat 5 0
Water bodies 19 3
Views 9 0
Wetlands 4 1

Locations or Development Type
Parcel 20 0
Cluster housing 5 0
Conservation subdivisions 6 1
Street layout 0 2
Neighborhood 37 3
Off site 41 0

4 Approach for Modeling the Effects of LID on Property Values

4.1 Summary of Key Existing Meta-analysis

Kroeger (2008) conducted a meta-analysis of hedonic values for open space, to produce an Excel-based
"Open Space Property Value Estimator Tool" for Defenders of Wildlife (see also Kroeger, Loomis, and
Casey 2008). Because the valuation tool focuses on wildlife benefits, it does not include values for
agricultural lands or heavily used urban parks.
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Kroeger initially estimated three separate models, based on the different measures used in the available
studies. All three models predict the percent increase in property value. In the first model, value is
expressed in terms of a decrease in distance to the nearest open space parcel. In the second model, value
is a function of an increase in percent of open space within a certain radius. In the third model, value is a
function of proximity to open space. This model includes adjacent open space (where distance is set to
zero).

Because of the large number of variables in each model (12-16 variables), and small number of
observations (29 in model 1, 22 in models 2 and 3), the model results were poor. Therefore, Kroeger
devised a way to convert all of the measures to increases in percent of open space within a given radius,
and estimated a single model. One specification of this model included a variable for population density,
and another included dummy variables for urban and rural areas. However, these variables were not
statistically significant. The final reduced model was based on 55 observations, and included the
following variables: % change in open space and its square; dummy variables for forest, park, or farm
land (wetlands used as base); a dummy variable for parcels protected from development; and a dummy
for privately owned parcels.

4.2 Proposed
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5 Summary

In summary, few studies specifically address property values related to LID practices, and those that do
often use open space as a proxy for LID effects.
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